A recent innovation in seismic imaging based on using long time sequences of ambient seismic noise moves beyond some of the limitations imposed on earthquake-based methods to reveal higher resolution information about the crust and uppermost mantle. This method is called Ambient Noise Tomography (ANT), and has been applied predominantly to seismic surface waves. With the application of ANT to data from ambitious new deployments of seismic arrays, such as the EarthScope USArray in the United States, improved seismic models of the earthâ s crust and uppermost mantle at unprecedented resolution are rapidly emerging.
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Introduction
Traditional seismic imaging of large-scale structures within Earth's interior is based on observations of surface displacements following earthquakes or human-caused explosions. These methods measure body and surface wave travel times as well as whole waveforms typically following earthquakes, because of the expense and environmental impact of explosive sources. Such measurements are unraveled (inverted) to reveal the isotropic and anisotropic variation of compressional (Vp) and shear (Vs) wave speeds in Earth's crust, mantle, and core that are then interpreted in terms of temperature, composition, and fluid content. The ability of earthquake-based methods to resolve structural features within the Earth degrades during the propagation of the wave over long (teleseismic) distances. For seismic surface waves (Rayleigh and Love waves), teleseismic transmission results in the loss of the high frequencies needed to infer information about Earth's crust and uppermost mantle. A recent innovation in seismic imaging based on using long time sequences of ambient seismic noise moves beyond some of the limitations imposed on earthquake-based methods to reveal higher resolution information about the crust and uppermost mantle. This method is called Ambient Noise Tomography (ANT), and has been applied predominantly to seismic surface waves. With the application of ANT to data from ambitious new deployments of seismic arrays, such as the EarthScope USArray in the United States, improved seismic models of the earth's crust and uppermost mantle at unprecedented resolution are rapidly emerging. 
The idea of ambient noise tomography
Between earthquakes, seismometers continuously record surface displacements with a wide range of causes; e.g., wind, atmospheric pressure variations, fluid flows beneath and on the surface, human and animal motions, and ocean waves. Seismic waves produced by ocean waves, called microseisms, are particularly well studied and are observed to propagate deep into continental interiors. Microseismic amplitudes peak near 8 sec and 16 sec period, but extend to longer periods merging into the somewhat more enigmatic, but increasingly well studied, "earth hum" at periods above 20 sec. Debate continues into whether earth hum is generated predominantly in shallow waters like microseisms, or in deep waters. Recent evidence presented by B. Romanowicz and collaborators and others indicates that it is predominantly a shallow water phenomenon, but this does not preclude a deep water component.
Any mechanism that produces waves that propagate coherently between a pair of seismometers can be used as a basis for seismic tomography. This idea has a long history in seismology, but was resurrected by R. Weaver and O. Lobkis and other researchers in a series of papers beginning in 2001 that showed in the laboratory and theoretically that cross-correlations between recordings of diffuse waves at two receiver locations yield the "Green's function" between these positions. The Green's function is a seismic waveform that contains all of the information about wave propagation in the medium between the two stations. Once estimated, traditional seismic methods of tomography then can be applied to the Green's function to recover information about the medium of transport.
The relevance of these results to large-scale earth imaging was not immediately clear, because the Earth's ambient noise field, containing as it does energetic microseismic energy, is not diffuse, is probably not homogeneously distributed in azimuth, and its frequency content was poorly understood. In 2004, N. Shapiro and M. Campillo showed that coherent Rayleigh surface waves can be extracted from the Earth's ambient noise field and that the primary frequency content of the waves lies in the microseismic and earth hum bands from about 6 sec to 100 sec period with the highest amplitudes in the microseismic band. Subsequent studies have confirmed that the full Green's function does not emerge from cross-correlating seismic data because the cross-correlations are 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
3D images of Earth's interior
The purpose of ANT is not just to reveal the speed of surface waves at different periods 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r R e v i e w 5 resolution over traditional surface wave methods in regions with good station coverage, but its broad frequency content, which extends to periods below 10 sec, also gives the vertical resolution needed to resolve crustal from mantle structures clearly.
Applications other than earth imaging
Ambient noise can be exploited constructively in other contexts than Earth imaging.
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